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Abstract
The decomposition experiments of Al(OH)3, Mg(OH)2 and Urea were conducted by TG and DSC. The thermal 
characteristics of powders were obtained. It shows that pyrolysis temperature of Urea (133℃ ) was lower than that of 
Al(OH)3 and Mg(OH)2, and its heat absorption (1291J/g) was larger than Al(OH)3 and Mg(OH)2. Suppression 
mechanisms of gas explosion were analyzed and compared. The results showed the performance of Urea was better 
than that of the other two materials because of Urea’s faster decomposition rate, greater heat absorption and more free 
radical generated during the period of decomposition process. Also the suppression performance of Urea was
confirmed by the gas explosion experiments.
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1. Introduction
The gas explosion is the serious accident in coalmine, which has the strong destructiveness and the 
burstiness, often causes the personnel casualty and the property damage. In order to realize the safety of 
low concentration gas transport, the materials and equipments may be designed to prevent the explosion 
and its dissemination in the conduit. At present, many scientific researches about gas explosion are done.
Nie Baisheng carried out the experiments on the obstruction explosion by the foamed ceramics, and the
damping of maximum overpressure achieves 5% [1,2]. Lin Ying has Studies the feasibility of suppression
with the super water mist. The speed of the explosion's flame has reduced in the mist area, and its
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propagation time has lengthened. The phenomenon of flame lie has appeared [3]. Wen Hu has 
investigated the suppressing gas explosion by Al(OH)3 with a best density scope [4]. Luo Zhenmin
concludes that the nanometer level powder used to suppress explosion in the 20L pot has better effect
than the micron level [5]. At present the powder is one of auxiliary techniques. The gas explosion and its
destructive power are limited in the smallest degree. The harms brought by the detonation is reduced.
The experiment research is used as the main method of the gas explosion suppression by powder. The 
feasibility of explosion suppression by powder has been verified by the study on maximum pressure, rate 
of pressure rising and the other parameters. The essential characteristics of the powder suppression aren’t
discussed. The thermal analysis method is used in this article. The different analysis of gas explosion 
suppressions are based on the thermal characteristics of powders. There are the theoretic and the practical
significance in protecting the gas's transmission and enhancing the security.
2. The action mechanism of the powder used to suppress the explosion
The main explosion theories  include thermal explosion theory and chain reaction theory.
Thermal explosion theory: When △T>RT0
2/E, (T is critical temperature of gas explosion. T0 is the 
ambient temperature. E is activation energy. R is gas universal constant.) , the heat agglomeration of gas 
mixture has occurred. The explosion is happened when the energy surpasses certain threshold.
Gas free radical chain reaction theory: A series of reactions are generated one after another by free 
radicals or atoms. It looks like the chain link to develop automatically. The new free radicals are produced 
by the consumption of the old free radicals. It has circulated until the explosion happened. The quantity of 
the new free radicals produced is larger than its consumption, is the determining factor. 
Compared gas explosion and the general combustion, there are many differences of physical and the 
chemical property. There have the quicker velocity and the larger energy emitted during the gas explosion.
Therefore the traditional extinguish materials cannot suppress the gas explosion and its dissemination. At 
least one of conditions following should be satisfied:
(1)  The powder should have the greater heat absorption.
(2) The active free radicals produced can be adsorbed, intercepted and transformed by materials in the 
chain reaction.
The carbonates, phosphates, alkaline metal salts and the other inorganic substances are commonly used
as the explosion suppression materials. It can be concluded from the experimental study that these 
materials have the effects on the gas explosion and the flame dissemination.The explosion pressure peak 
value and the explosion pressure rise rate can be reduced by powders, however the appearance time are 
extended. Some organic alkaline metal materials may also be used as the gas explosion suppressant in 
some researches. Al(OH)3, Mg(OH)2 and urea are selected to study in this article.
3. The thermal analysis experimental result and analysis of the three kinds of powders
3.1. The experimental conditions
The STA449C thermal synchronization analyzer is used in the experiment. The initial temperature of 
samples is 20℃, and it ends at 1000℃. The rate of temperature rising is 10℃/min. N itrogen is used as the 
experiment ambience, and the current capacity is 20mL/min. The experiment operates under the 
atmospheric pressure.
3.2. Thermal analysis experimental results and analyses
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3.2.1. Al(OH)3 powder
The aluminum hydroxide is an amphoteric compound. It is nonvolatile, non-toxic and chemical 
stability. The aluminum hydroxide as the flame-resistant material has a widespread application. Fig.1 
shows TG curve and DSC curve of Al(OH)3.
Fig.1 TG and DSC curves of Al(OH)3
The TG curve shows that Al(OH)3 starts to decompose at 220℃, is the lossing of the conglutinate
water. During this stage, the rate of decomposition is slow. The decomposition has speeded up from 
230℃ that is caused by lossing of its structure water. Its decomposition process ends at 566.9℃. Each 
gram Al(OH)3 powder can absorb 897.1J heat counted by the DSC curve.
There are two changes of gradient shown in Fig.1, respectively being 230℃~373℃ and 
373℃~566.9℃. And it correspondingly appears two heat absorption peaks in DSC curve, 337.3℃ and 
529.0℃.So t he thermal decomposition process of Al(OH)3 is composed of two steps. The first 
weightlessness gradient is 27.73%, and the second is 6.09%.Namely, the endothermic reaction in first 
process is mainly that Al(OH)3 separates out two structure water and produces water soft rock. Its 
molecular formula is Al2O3·H2O.The stable Al2O3 generates in second heat absorption. The reaction 
process can be written as the followings:
↑+⋅ → OHOHOAlOHAl 2232
373-230
3 2)(2
℃℃
                                       (1)
↑+ →⋅ OHOAlOHOAl 232
9.566-474
232
℃℃
                                                                     (2)
The thermal transmission is reduced and slowed down because of the heat absorption which is 
generated by taking off the structure water of Al(OH)3. The combustion of gas and the oxygen may be 
diluted by evaporation. And Al2O3 is the inert oxide with non-toxic, non-corrosiveness, and will not 
initiate secondary pollution. So that it can effectively retard the inflammation. However Al(OH)3 may be 
used to terminate the free radical reaction as electron supplier. The activity of inorganic free radicals 
produced is too low to initiate the free radical reactions [6].
3.2.2. Mg(OH)2 powder
Mg(OH)2 is the favourite burning inhibitor with non-toxic, smokeless and the well thermo stability. 
Mg(OH)2 powder is studied by the thermal analysis experiments under the same condition. The
experiment result is shown as Fig.2.
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Fig.2 TG and DSC curves of Mg (OH)2It may be obtained from TG curve that the beginning of Mg(OH)2 decomposition is at 
334.2℃ with taking off the attached water. And the process ends when the temperature achieves 450℃. In DSC curve, there is only 
one heat absorption peak during the entire thermal decomposition process. Thus, The endothermic process of Mg(OH)2 is completed
by separation of the structure water at the stage of 334.2℃~450℃.T he total weight loss is 32.50%. Its heat absorption capacity is 
317.6J/g. The chemical reaction is indicated as following:
↑+ → OHMgOOHMg 2
450-2.334
2)(
℃℃
                                                                                      (3)
The suppression mechanism of Mg(OH)2 approximates to Al(OH)3’s, mainly manifests the heat 
absorption during its decomposition. MgO and H2O produced by the thermal decomposition of Mg(OH)2
are both inert. And MgO can adhere to the combustible substance surface to isolate the oxygen. And the 
explosion suppression can be reinforced with the dilution effect on the density of flammable gas by the 
steam.
3.2.3. Urea powder
The urea is the colorless and tasteless organic compound that is composed of the carbon, the nitrogen, 
the oxygen and the hydrogen. It displays either the white acicular or the clavate crystal. Its Chemical 
formula is CO(NH2)2. The thermal experiment results are shown in Fig.3.
Fig.3 TG and DSC curves of CO(NH2)2
The initial weight loss of urea is at temperature of 133 ℃ in TG, and it ends at 450℃. There are three
stages of weight loss gradient in TG, which corresponds to three endothermic peaks in its DSC curves.
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Throughout the process, the rate of weight loss reaches 97.77%. However, its heat absorption is 1291.2
J/g. The process can be divided into the followings:
(1) A small amount of mass loss has happened after the melting point (133℃) because of the 
evaporation. The acceleration of the mass loss rate accompanies the rising of the temperature from 149℃.
The first endothermic peak is generated by the effect of evaporation and pyrolysis. The main pyrolysis 
equations are represented as:
HNCONHNCONHNHCONH +→→−− −+ 3422                                                              (4)
Biuret is produced by the reaction of HNCO and urea when the temperature rises to 160 ℃.
2222 NHCONHCONHHNCONHCONH −−−−→+−−                                          (5)
It can be concluded that the first endothermic peak is mainly produced by evaporation and pyrolysis of 
urea.
(2) With thermal decomposition of urea, biuret begins to decompose on the second endothermic stage.
The maximum heat absorption during this process is produced by the both decompositions.
3333322 22 NHHNCOONHCNHCONHCONH ++→−−−−                               (6)
(3) On the third stage, the endothermic peak is generated by the sublimation and decomposition of the 
resultant C3N3H3O3 .
HNCOOHNC 33333 →                                                                                       (7)
The multiple pyrolysis reactions existed in process are the mechanism of the explosion suppression by
urea. The greater heat can be absorbed and the greater heat transfer can be reduced. At the same time, a
large amount of NH4·and NCO· emerge during its thermal decomposition, which can respectively react 
with the active radicals H· and OH·. The free radicals produced by the gas explosion may be greatly 
decreased by this way. Then the chain reactions are terminated to suppress the gas explosion and its 
dissemination.
OHNHOHNH 234 ·· +→+                                                                               (8)
HNCOHNCO →+ ··                                                                                       (9)
3.3. The comparison of experimental results
In order to facilitate analysis and comparison, thermal analysis data of Urea, Mg(OH)2 and Al(OH)3
has been listed as Tab.1.
It can be concluded from Tab.1 that the initial decomposition temperatures of Urea, Al(OH)3 and 
Mg(OH)2 display the escalating trend, respectively being 133℃, 226.2℃, 334.2℃. However, the 
corresponding temperature peaks of the DSC are on the contrary, being 241.4℃, 338.7℃, 427.4℃.
Among the three materials, the heat absorption of urea is caused by pyrolytic reaction at the lower 
temperature. It can be concluded that the shorter time should be needed to arrive the the heat absorption 
peak of urea. The mass change around experiment has been defined as mass change rate. Urea’s mass loss
ratio is 97.77%, which is the highest against the others. That of Al(OH)3 and Mg(OH)2 separately are only 
33.84%, 32.5%. The high proportion of Urea loss concluded that a few residues have been left in the end. 
The heat absorptions of each sample are arranged in descending order, Urea> Al(OH)3> Mg(OH)2. The 
heat of 1291.2J can be absorbed by the thermal decomposition of urea with unit mass. The heat 
absorption of urea approximately is the 1.6 times that of Al(OH)3 and 4 times that of Mg(OH)2. It can be 
concluded that the pyrolytic reaction of urea can occurred easily, and the larger heat can be absorbed. The 
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heat agglomeration has been effectively reduced and prevented. Peter M.Schaber has carried the analysis 
on residuum and the waste gas of the urea thermal decomposition. NH4· with great density is produced in 
the process which achieves 2600ppm. NH4·in the waste gas has reached to 11900ppm[9]. So plenty of 
NH4· and NCO· are produced during the thermal decomposition process. The free radical produced by 
gas explosion can be effectively absorbed, transformed and consumed by these two kinds of ions. Thus 
the quantity of free radicals newly produced by the chain reaction is reduced. It can be concluded from
thermal characteristics that urea used to suppress the gas explosion showed best performance, followed by 
Al(OH)3, then followed by Mg(OH)2.
Tab.1 Experimental parameters of three kinds of materials
Material Onset Temperature Final Temperature Loss Ratio Heat Absorption DSC Peak Temperature
Al(OH)3 226.2℃ 566.9℃ 33.84% 811.8 J/g 338.7℃
Mg(OH)2 334.2℃ 450℃ 32.5% 317.6J/g 427.4℃
Urea 133℃ 450℃ 97.77% 1291.2J/g 241.4℃
4. The effect and the analysis of gas explosion suppression by powder 
The effects on gas explosion suppression have been recorded by the high speed camera shown as Fig.4.
(a) Gas explosion without any powder
(b) Gas explosion with Urea
(c) Gas explosion with Mg(OH)2
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(d) Gas explosion with Al(OH)3
Fig.4 The contradistinction of suppression material effects on gas explosion
The flame propagations of gas explosion without powder, gas explosion with Urea, Mg(OH)2 and 
Al(OH)3 are separately recorded by the high speed camera. Flame images at 30ms, 60ms, 90ms and 
120ms have been selected to analyze. Fig.4 has shown that, The flame intensity of gas explosion without 
powder is increasing from 30ms to 60ms. With the explosion suppression of powder, flame intensity has 
significantly decreased. And its flame height and flame area have also reduced. So the performance of 
urea on controlling the flame height and the flame area is better than that of Mg(OH)2 and Al(OH)3.
Urea, Mg(OH)2 and Al(OH)3 have the different thermal characteristics. The pyrolysis temperature of 
urea is lower than that of Mg(OH)2 and Al(OH)3, and the endothermic peak is achieved rapidly. During 
the pyrolysis process of urea, the larger heat absorption is produced. The physical effects of Urea, 
Al(OH)3 and Mg(OH)2 have decreased in turn. The active of free radicals produced by Al(OH)3 or
Mg(OH)2 is so weak that they cannot suffice the effects of absorption and transformation on the explosion 
free radicals. The free radical reactions can be caused by the large number of active and charged ions 
NH4·and NCO· produced by the urea’s decomposition . The number of the explosion free radical is 
reduced by this way. Then the chain reaction will be ended because of its chemical explosion suppression 
effect.
5. Conclusions 
 It can be concluded from the thermal analysis of Urea, Mg(OH)2 and Al(OH)3 that: The 
endothermic effect of Al(OH)3 has appeared at 220 ℃, and its heat absorption is 897.1J/g. 
Mg(OH)2 begins at 334.2℃ with the heat absorption 317.6J/g. Urea is at 133℃ with 1291.2J/g. 
Urea has a lowest initial temperature of its decomposition, the peak is reached quickly and the 
larger heat can be absorbed. So its suppression effect is better than Al(OH)3`s and Mg(OH)2`s.
The heat transfer of the explosion can be effectively prevented by the good physical endothermic 
effect of urea. 
 The activity of free radicals generated by the pyrolysis of Al(OH)3 and Mg(OH)2 is so low that it 
cannot trigger the free radical reactions. However there are large amounts of NH4·and 
NCO· produced during the urea pyrolysis. OH· and H· can be reacted respectively with these ions.
The end of the chain reactions are caused by the reducing of explosion free radicals
 The processes of gas explosion suppression by powders have been recorded by the high speed 
camera. The photographs indicates that Urea, Mg(OH)2 and Al(OH)3 all have the ability to
suppress gas explosion. And urea has best effect on the controlling of the flame height and area. 
Al(OH)3 is the second, and Mg(OH)2 is the last. The effects of the gas explosion suppression are
influenced by thermal characteristics of powders.
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